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* Total Maximum Daily Load Program

This -report describes the work that the Gregon Department of Environmental Quality
(DEQ) has conducted to address water quality concerns in the Coast Fork. The as-
sessment is part of the Total Maximum Daily Load {TMDL) pracess within DEQ's Water
Quality Program and reflects the State’s water-quality-based approach to water quality

problems.
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Oregon’s Total Maximum Daily Load Program

OVERVIEW

BENEFICIAL USES

he quality of Oregoen’s streams,
T .lakes, estuaries, and groundwaters

is monitored by the Department of

Environmental Quality {DEQ}. The infor- .

mation collected by DEQ is used to de-
termine whether water quality standards
are being violated and, consequently,
whether the beneficial uses of the waters
are being threatened. The beneficial uses
include fisheries, aquatic life, drinking wa-
ter, recreation, shellfish, irrigation, hydro-
electric power, and navigation. Specific
State and Federal rules are used to deter-
mine if violations have occurred: thase
rules include the Federal Clean Water Act
of 1872, Oregon’s Revised Statutes (ORS},
and Oregon's Administrative Rules (OAR
‘Chapter 340).

WATER QUALITY LIMITED
STREAMS AND TOTAL
MAXIMUM DAILY LOADS

he term water quality limited is

I applied to waterbodies wheare re-
guired treatment processes are

being used but violations of water quality

standards occur. With a few exceptions,
such as in cases where violations are due
to natural causes, the State must establish
a Total Maximum Daily Load or TMDL for
any waterbody designated as water quality
limited. A TMDL is the total amount of a
poliutant {from ail sources) that can enter

. a specific waterbody without violating the

water quality standards.

WASTELOAD AND LOAD
ALLOCATIONS

he total permissible pollutant load

I is allocated to point, nonpoint,
background, and future sources of
poliution. Wasteload allocations are por-
tions of the total load that are allotted to
point socurces of poilutioen, such as sewage
treatment plants or industries. The waste-
ioad allocations are uséd to establish ef-
fluent limits in discharge permits. Load
allocations are portions of the total load
that are attributed to either natural back-
ground sources, such as soils, or from non-
point sources, such as agr'icultural or for-
estry activities. Allocations can also be
set aside in reserves for future uses. '




TMDL PROCESS collecting additional data to answer specific

questions, using mathematical models to pre-

he establishment of TMDLs is re- dict the effects of changes in wasteloads,
guired by Section 303 of the Clean ~ evaluating alternative strategies for imple-
Water Act. The process of establish- mentation, and holding public hearings and
ing a TMDL includes studying existing -data, allowing public comment on the TMDL.
PIIRI’OSE OF THIS REPORT

'Iﬁzs report promdes mformatzon on one of the waterbodzes in .
Oregorz s TMDL Program. ‘The report includes background in-.
 formation on the drainage basin, the pollution sources, and the
apphcable water quality standards; a summary of the monitor-
ing data and the technical analyses; and a dzscusszan af the .
-eurrent pollution control strategy. '
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Water Quality Report

Department of Environment Quality

Coast Fork TMDL Development

BACKGROUND INFORMATION -

.The Coast Fork of the Willamette River is
located in the south western portion of the
larger Willamette River basin. The Coast Fork
drains 665 square miles of Lane County
Oregon. Most of the basin is forested and in
mountainous terrain. Both of the major streams
in the basin, the Row River and Coast Fork, are
regulated by reservoirs. The Row River enters
the Coast Fork near the City of Cottage Grove.
The Coast Fork River is 39 miles long and joins
the Willamette River 187 miles upstream from
the Columbia River. Below the canfluence with
the .Row River, the Coast Fork runs thirty {30}
miles through a valley with primarily agricultural
land use. The City of Cottage Grove is the
major parmitted source of wastewater to the
Coast Fork. The City of Cottage Grove dis-
charges to the Coast Fork near the confluence
with the Row River.

WATER QUALITY CONCERNS

The Coast Fork is refatively wide and shallow —
supporting extensive growth of periphytic algal
on the stream bed. The algal growth through
photosynthesis and respiration has lead to
violations of the State’s water quality standards

* Sewage Treatment Plant.

for dissolved oxygen saturation and pH.
Nutrients discharged from the Cottage Grove
Sewage Treatment Plant {STP} support the
periphyton algel growth in the Coast Fork of the
Willamette River.

Beneficial Uses Affected

The designated beneficial uses of the Coast
Fork are identified in Oregon’s Administrative
Rules {OAR}). Uses include water supply,
aqguatic life, recreation and aesthetics, salmonid
rearing, and saimonid spawning.

The existing aquatic resources of the Coast
Fork Willamette River are not well documented.
Information on salmonid fish distribution is
available from the QOregon Department of Fish
and Wildlife {ODFW). The potential for anadro-
mous salmonid production in the Coast Fork
is uncertain. The ODFW may consider the

Coast Fork for future production of winter

steelhead. There are populations of mountain
whitetish and cutthroat trout in the mainstem
Coast Fork. Cutthroat trout reside in the river
at least as low as Cresswell (RM 12.8) during
summer low flow where further temperature
increase may limit their distribution, Recrea-
tional fisheries exist for trout in the upper
mainstem of the Coast Fork. The confluence of
the Coast Fork and Row River provides a popu-

SA\WHbE747.5C

-~

Ravision Date: October 2, 1995



2 . ' ’ Water Odaﬁry Report — Coast Fork TMDL Development

lar location for recreational angling. Native
trout and whitefish are mainstem spawners.
The ODFW believes that trout spawning may
occur in the mainstem Coast Fork from January
through Aprii.

Applicable Water Quality Standards

A number of water quality parameters, intlud-
ing dissclved oxygen and pH, have criteria

‘values which have been adopted as regulatpry ]

standards for the Willamette Basin.

.Dissolved oxygen is a critical parameter for the
protection of salmonid rearing and spawning.
The applicable standards in the basin are:

¢ Saimonid Rearing: 90 percent of satura-
tion; '

e Salmonid Spawning: 95 percent of satu-
ration; and

-'_Non Salmonid Producing: 6 mg/L.

The information from ODFW suggest that the
Coast Fork as far down as Cressell (RM 12.8)
is salmonid producing and the 90 percent
saturation criteria would apply during summer
low flow conditions. )

The pH criteria establishes water quality condi-
tions for protecting fish and aquatic life, includ-
ing the sensitive salmonids. The pH standard in
the Coast Fork is a minimum of 6.5 with a maxi-
mum of 8.5.

Available Monitoring Data

Monthly water quality monitoring data has been

‘available at river mile 6.4 for 1973 through
1987, and at river mile 3.0 since 1987. More
recent water quality data is available at a total
of eight (8] locations in the Coast Fork and Row
River since 1988. Stream discharge data is
available below the reservoirs on the Coast Fork
and Row River, and below the confluence of
the Row River near Saginaw.

Limited data is available describing diurnal

cycles, algal biomass, biomass accumulation, _

and periphyton community production and respi-
ration.

Point Sources

The Cottage Grove STP is the only major point
source that discharges to the Coast Fork during
summer low flow conditions.

-Nonpoint Sources

. Nonpoint sources have not been extensively as-

sessed. Concentrations of nufrient upstream of
the major point source are high enough to sup-
port significant periphyton growth, Howaever,
point source discharge provides the dominate

" source of nutrients to the Coast Fork during the

summer low flow period when standards viola-
tions have been observed. DEQ has elected to
allocate background and nonpeint sources at
current conditions. The TMDL includes a reserve

gllocations to cover uncertainty in analytical

predictions on future growth and development.

- TMDL History

The Clean Water Act (Public Law 92-500} es-
tablished goals for water quality. The state of
Oregon has established water quality standards
for meeting the geals and requirements of the
Clean Water Act. Section 303 of the C/ean Wa-
ter Act requires that waterbodies that fail to
meat watar quality after the implementation of
technology based effluent limits be identified as
water quality limited. For water quality limited
streams, the adoption of a water quality based
pollution control strategy and associated Total
Maximum Daily Loads (TMDLs} provides the
means for achieving the Standards.

In 1987, the Northwest Environmental Defense
Center filed suit in US district Court for the
faiture of EPA and the State of Oregon to im-
plement certain activities required by the Clean
Water Act. Under a consent decree, the De-
partment of Environmental Quality agreed to
determine by August 1988 whether 16 water-
bodies, including the Coast Fork, were. water
guality limited. The Coast Fork Willamette
River was found to be water quality limited from

the mouth to river mile 25 due to violations of the

pH and dissolved oxygen standards.

Proposed Nutrient TMDL

A phased approach for impfementing this TMDL

Revision Date: Octaher 2. 1885
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Water Quality Report — Coast Fork TMDL Development . 3

will be used. The initial phase focuses on
defining and implementing the point source
waste load aliocations. The point source pro-
vides the dominant source of nutrients to the
Coast Fork. Howsever, since NPS appear to pro-
vide nutrients and unidentified background and
NPS result in relatively high nutrient concentra-

tions upstream on the major point source, a

NPS component is appropriate for this TMDL.
The proposed LA and Reserve LAs wili provide
adeguate aflocation to address the NP5 compo-
nent. The initial phase for NPS will focus

efforts of the Departments of Environmental

Quality and Agriculture on tributaries with
measured high phosphorus levels such as
Gettings Creek and Camass Swale, and on veri-
fying controls on confined animal feeding
operations in the basin.-

The pH and dissolved oxygen saturation criteria
violations are the result of periphyton photosyn-
thesis and respiration. - Periphytic algal growth
is influenced by many factors including stream
-flow, temperature, grazing by invertebrates,
and nutrient supply. DEQ has defined reguia-

tory control over a significant portion of the
nutrient supply. The cencentration of the mac-
ronutrients phosphorus and nitrogen support-

ing the algal growth are significantly influ-

enced by point source discharge to the Coast
Fork,

A nutrient control strategy focusing on phos-

. phorus control has been developed to address

the pH and DO saturation standards violations.
A nutrient control program focusing on nitrogen
was not believed to be gffective at limiting the
periphyton production. An aiternative strategy
that would limit both nitrogen and phosphorus

" would also be effective. Limiting both magro-

nutrient would reduce uncertainty with the ef-
fectiveness of a nutrient control program com-
pared to limiting a single nutrient. Howevaer, a
program limiting both nutrients would limit op-
tions for achieving the TMDL and couid in-
crease the costs for compliance.

Several alternative wasteload allocation’s {(WLA's)
strategies were reviewed. Table 1 providas a
review of range of alternative nutrient TMDLs

Table 1. Alternative Nutrient TMDL Strategies Reviewed

Reduced biomass throughout the river; achieve WQ t-
dards. Both nitrogen and phosphorus .reduced. _
Below measurable increase in PO4; initially below community
production levels. :

Achieve standard in lower river; increased production near
STP. Contains reasonable margin of safety in reserve WLA,
NPS LA > WLA, )
Achieve standard in fower river; greater extent of increased
production below STP. Limited reserve to account for NPS
and analytical uncertainty. :
initial levels at community respiration and cellular lirnitation in
lower river. No reserve to cover potential NPS sources. The
WLA approaches the loading capacity with no reasonable
margin of safety for analytical uncertainty.

Average concentrations at community respiration limits; less
certainty that nutrients will be reduced to cellular limitation in
lower river. The WLA is at or greater than the loading capaci-
ty, no reasonable margin of safsty.

Reduced extent and magnitude of ph viplations; reduced algal
biomass. Uncertainties with effects of grazing may allow sig-
nificant reduction from current conditions.

Would not be unilaterally effective.

0.0 0.0 9.7 3.3

0.8 48 9.7 2.5

1.0 60 9.7 2.3

2.1 126 { 9.7 1.2

33 188 8.7 0.0

20 | 240

8.0 480

Nitrogen TMDL .

Revision Date: Octpber 2 1995
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4 ' Water Quality Report — Coast Fork TMDL Development

Table 2. PO P Wasteload ’Alloc:atidhs_

WLA STRATEGY FOR NUTRIENT CONTROL

LC 13.0 16.0

LA Background 8.7 12.0
LA Reserve 2.3 2.8
WLA 1.0 60.0

reviewed. The table of nutrient WLA alterna-
tives was simplified by assuming a total streaam
flow of 150 CFS. This stream flow includes the
upstream flow from the Coast Fork, dilution
from the Row River, and the STP discharge of
2 MGD. Upstream background concentrations
were taken from mass balance calculations of
both the Row and Coast Fork Rivers.

The effect of aiternative WLAS on ambient
nutrient concentrations was evaluated using
both simple and probabilistic {monte-carlo)
mass balance procedures and theoretical
models available in the published literature,
The influence of alternative WLAs and nutri-
ent reductions on ambient pH were further
assessed using a dynamic lagrandgian inor-
ganic carbon balance. Existing ambient data
and extensive literature review provided gui-
dance and thresholds for comparing and con-

trasting alternative nutrient controi strategies. -

Potential ammonia toxicity WLAs were evalu-
ated using simpfe mass balance procedures.
Ammonia WLAs were also evaluated using a
Streeter-Phelps dissolved oxygen modei to as-
sure achievement of the dissolved oxygen
standard. '

It is not the intent of the TMDL to eliminate
periphyton growth through nutrient control,
The WLA strategy is anticipated to provide the
greatest loading capacity having a reasonable
probability of achieving water quality standards,

The reserve load allocations {LAs) are intended

to cover background and nonpaoint scurce loads
and the uncertainty in estimates of the impact

of nutrient loads on periphyton preduction. The

Department may re-assign part to the. reserve
LA 10 the WLA for Cottage Grove as the Depart-

ment reviews alternatives for implementing the
TMDL. The only WLA is assigned to the

_ Cottage Grove STP. At design flows of 2

million gallons per day (mgd), a WLA of 1 Ib/
day is equivalent to 0.06 mg/L (60 xg/l) of dis-
solved ortho phosphate as phosphorus. Thein-

crease in ortho phosphorus would not be mea-

surable below the confluence with the Row
River (Table 2). .

Proposed Ammonia TMDL

- Ammonia WLAs were developed tc make cer-

tain that selected alternatives did not result in
ammonia toxicity standards violations or gener-
ate dissolved oxygen standard violations. The
current dissolved oxygen standard violations
are principally driven by algal respiration. Up-
stream of the Cottage Grove STP, the back-

ground oxygen levels fall to at or near the 90 .
~ percent saturation during diurnal minimums.

Under these conditions, the background con-
centrations beéome the criteria and leave little

‘room for any WLAs. The WLAs were calcuiat-

ed to assure no measurable decrease from
background oxygen concentrations due to di-
jution with low oxygen effluent or oxygen de-
mand. Adoption of the proposed 8.0 mg/L cri-
teria will result in.greater loading capacity {LC)
and potentially greater WLAs (Table 3}. The
LAs establish background conditions. No ef-

" forts beyond the existing controls are needed to

implement the ammonia TMDL.

The Coast Fork is not a priority watershed for
nonpoint source pollution control efforts. The

nonpoint source strategy for implementing the -

load allocation for the Coast Fork TMDLS
includes four (4} principal components:

Rrvsiz"nn Pato: Dotnhar 2, 1995
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Table 3. NH,N Wasteload Allocation

COTTAGE GROVE ANMNMONIA WLAs {LBS/DAY)

s

20% 111

2

67 44

8 mgilL 297

67 230

Work with the State Department of Agricul-
ture {(DOA} which is the designated manage-
ment agency (DMAL] for agriculture to inspect
all CAFOs in the Coast Fork Willamette River
and identify corrective actions needed.

Work with DOA as résources allow to reduce
phosphorus loading to Gettings Creek and

. for state and private forest lands to ensure

the Oregon Forest Practices Act is imple-
mented.

Continue implementation of Memoranda of
Agreement between DEQ and federal land
management agencies to meet or exceed
state forest practices requirements.

Camass Swale, and any additional tributaries

having high phosphorus concentrations, APPENDIX
® Continue ongoing efforts with the State APPENDIX A — EXPANDED BACKGROUND
Department of Forestry {DOF), the DMA INFORMATION

SA\WHE747.5C Revisin~ Dare; Octonber 2, 1995
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Water Quality Report — Coast Fork TMDL Development A-1

APPENDIX A

EXPANDED BACKGROUND INFORMATION

BACKGROUND REPORT

Ambient Data

Water quality data for the Coast Fork is avail-
able in the USEPA STORET data base for sev-
aral locations (Table A-1}. Monthly monitoring-
data are available for river mile 6.4 from 1979
until October 1987, and at river mile 3.0 since
then. More recent data are available at the
remaining locations. Diurnal data are available
from three surveys. The Row River site pro-
vides water quality conditions in a major
tributary entering the Coast Fork Willamette,
The Cottage Grove STPis located approxi-
mately 1 mile upstream from the confluence of
the Row and Coast Fork at approximately river
mile 21.6.

Historical discharge records are available from
the United States Geological Survey {USGS) for
several locations in the Coast Fork Basin. The
two major streams, the Coast Fork and Row
Rivers, have both been regulated by reservoirs
since 1942 and 1949, respectively. The report-

ed critical low flow, 7Q10, below the Row
River at Saginaw prior to regulation was 22 cfs.
After regulation, the reported 7Q10 measured
near Goshen until 1982 was 129 cfs. Typical
summer low flow is consistently near 150 cfs.
Regulation by reservoirs has greatly increased
summer minimum flows in the Coast Fork Willa-
mette {Figures A-1 — A-8},

Seasonal flow and water guality data indicate
that the.summer low flow period from June
through September is the critical period for pH
and dissolved oxygen concerns. During the
summer {low flow pericd of approximately June
through September for the Coast Fork), dis-
solved oxygen occasicnally falls below the state
minimum standard of 90 percent saturation.
Maximum oxygen saturation jevels exceed 125
percent of saturation which, assuming only
oxygen is supersaturated and standard baro-
metric pressure, would be equivalent to the 105
percent Total Gas Pressure criteria for streams

" with 2 feet or less of depth. The average of

measured DO concentrations are above the
state proposed criteria of 8.0 mg/L for cold
water fish system {ODEQ, 1993).

Table A-1. STORET Sites
. STORET STATIONS -
402955 3 William Parish
. 402047 6.4 Highway 58
402048 12.8 Cresswell
402049 20 Saginaw
402052 20.8 Row River
- 402956 21.5 " Below STP
4020560 21.7 Above STP
402051 239 Above City

SAVWHSEZ47 AR 0 o 'iiier o o v Ty s
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Observed pH measurements exceed the state
maximum criteria of 8.5 at locations down-
stream of river mile 14, but remain within
standard, typically below 8.0 above river mile

20. Most of the pH violations occur in the

afternoon, and the lowest DO saturation levels
occur early morning.

Relatively warmer stream temperatures occur
below river mile 14 as compared to locations
upstream of river mile 20 where average tem-
perature remains below 17°C. Average tem-
peratures approach 20°C, and maximums ex-
.cead 24°C, below river mile 14. The observed
temperature pattern would make the lower
Coast Fork River marginal habitat for cold water
fish during summer low conditions.

Figures A-9 - A-14 show that the low flow per-
iod from June through September appears to be
coincide with the greater variation in dissolved
oxygen saturation and pH and higher stream
temperature. The greater variation in oxygen
saturation and pH indicates greater influence of
photosynthesis on water quality. Data col-
lection efforts- have focused on the June
through September period and different mon-
itoring intensity may influence the observed
distribution. ~ Based upon this monitoring
data, the summer low flow period for the
Coast Fork is roughly defined as June through
Septembar.

Both pH and.diss_oived oxygen data show simi-
lar patterns of diurnal change. A much greater

Historical Water Quality

range of diurnal variation occurs in the lower river
sites, below river mile 14, as compared to upper
river sites {Table A-2 and Figure A-15).

Photosynthesis from periphyton algae would
produce oxygen and consume inorganic carbon
during the day resulting in increased oxygen
saturation and high pH values. Periphyton
respiration at night would act to reduce oxygen

-and pH values. The DO and pH data show

similar patterns of diurnal change and are -
correlated suggesting that the diurnal variation
is influenced by photosynthetic activity of
periphyton. The greater diurnal range in DO
and pH observed in the lower sections of the
river impliee greater primary productivity than
upstream sites. The violations of the oxygen
saturation and pH standards appear to be the
result of periphyton photosynthesis and respira-
tion. Increased primary production may be sup-
ported by increased nutrients from the Cottage
Grove Sewage Treatment Plant {CGSTP). The
apparent diurnal variations may also be in-
fluenced by changes in hydraulic conditions and
aeration rates, less shade, and diluted alkalinity
as compared to sites upstream of the con-
fluence with the Row River, '

ALGAL GROWTH AND PRODUC-
TION MEASUREMENTS

Measurements of the algal growth and primary
production were used to assess the influence
that the existing levels of periphyton production
may have on observed water guality. -
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A-5

- Table A-2. Diurnal Data”

DIURNAL SUMMARIES BY RELATIVE LOCATION

Lo

ke,

130

‘0 19 120 150
2% Saturahon

30 10 140

Figure A-15. pH vs. DO

Glass slides were used as in-situ artificial
substrate for measuring the rate of periphyton
accumutation on three occasions in the Coast
Fork. Vandalism and losses from high flow
events prevented obtaining complete data sets
for two of the three sampling periods.

Multiple slides were placed in each location for
a period of 28 days. At each iocation, slides
were incubated at approximately 1 foot of
depth and placed off of the bottom to limit
grazing by macroinvertebrates. An additional
series of slides were incubated at between 2
and 3 foot depths for all hut the upper most
station, where the stream depth was less than
2 feet. .

Three contro! sites were selected: two up-
stream of the age Grove sewage treatment
plant [CGSTP), one in the tributary Row River.
Samples were collected below the CGSTP and
above the confluence with the Row River and
at five locations downstream from the conflu-

85/ 15% 127 Lower 7.4 B.6/55%
93 /6% 108 Upper 7.3 7.7

] enée. Shade, measured as percent canopy ¢lo-
5?3;21;","*3;:’?@\:?“;‘;‘3;95"—__' and pr sure, varied from 20-35 percent at the up-
T T stream controls, 40 percent below the STP, and
et varied between O and 10 percent at all other
- . locations. Although stream depth generally
increased, and velocity decreased in a down-

9 - "’ T " . . .
. J_ﬁ» stream direction, the piacement of in-situ sam-
.‘F-:?" P ples was selected to minimize depth and ve-

i ,&.._:;- Wy locity differences. (Figure A-16.)
 t e F )

ety e ¢ - .

S . Triplicate samples from the shallow slides, and

single samples from the deeper slides were re-
moved five times throughout the incubation
periods and measured for ash free dry weight.
Algal accumulation rates, due to initial coloni-
zation (a) and growth {k} were calculated by
least squared regression of AFDW accrual to the
equation y=ae*® for time up to 14 days (t). The
calculated growth rate was converted to the
more commonly reported units of doublings per
day by division of by 0.693. After 14 days, the
accumulation of biomass is signiicantly influ-

Alzat Bizmass on 15lass Sidas
Cdast rore Willame!ie River
ACW mgrm* 2
igooag
=- Picgmall)
[ = LI LEPIRY |
- ¥ Ugtireamn STF

1006

___' FAnlAl Jrowlh rale

R

i tomtahanes”

Figure A-16. Glass Slides
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A-6 _ Water Quality Report — Coast Fork TMDL Development

enced -by sloughing and potentially invertebrate
grazing on the slides.

Maximum biomass accrual was significantly
less at the furthest upstream control than at ail
other locations (p<0.0005}). No correlations
were observed between maximum biomass and
chemical or physical measurements taken from
the various locations. The maximum biomass
accrued was less on the deeper slides than the
shallow slides {p<0.005). '

Calculated growth rates varied between 0.33
doublings/day to 0.52 doublings/day. The cal-
culated growth rates are similar to those re-
ported for the McKenzie River (Oregon} of 0.3
doublings/day in experimental channels {Both-
weil 1992). No correlations were cbserved be-
tween calculated growth rates or normalized
growth rates (b ) and nutrient concentra-
tions or other physical or chemical measurements.

The glass slides measure a thin film of peri-
phyton accumulation. Results are consistent
with - the information reported by Bothwell
{1992, 1988, 1985) that a single cef! or thin
layer of algae can be saturated by nutrients at
very low concentrations of 1 to 3 ug/l of ortho-
phosphorus. Concentrations of ortho-phos-
phorus measured site upstream of the CGSTP
{10 ug/M and in the Row River {7 pg/l} appeared
to provide adequate levels to saturate growth
requirements of a single celf or a thin layer of
periphyton. Significantly greater concentrations
of nutrient may be required to saturate the
thicker mats of algae that occur in the river
(Bothwell 1992, 1988).

Direct measures of algal biomass, production,

and community respiration (CR) were made in
the Coast Fork Willamette River as part of the
larger Willamette River study and are reported
by Gregory {1993).

Both chlorophyll a2 and biomass of periphyton

increased downstream of CGSTP (P<0.001).-

Measures of biomass provide only an indirect
approximation of the benthic metabolic produc-
tion. Rates of benthic metabolism were measured
by in-situ respirometer. Gross primary production
{GPP) and community respiration (CR} {mg/m~2-
day) increased below the CGSTP. The ratio of
praduction rate divided by respiration rate was
greater than one indicating a net input of oxygen.
Measures of the primary production rates relative
to biomass (GPP/BIOM.} or chlorophyll a pravide
a measure of the physiclogical state of the
periphyton. Relative metabolic rates (GPP/BIOM.}
increased below the CGSTP indicating that the
periphyton assemblages are physiologically
more active at the downstream location below
the CGSTP (Table A-3).

Ambient data show that greater diel variation in
DO occurs below the CGSTP indicating greater
benthic metabolism. Continuous diurnal measures
of dissolved oxygen in the Coast Fork Willamette
River were used .to estimate maximum daily ben-
thic production. Production was calculated using
methods described by Di Torro {1989) and Chapra
and Di Torro {1992) for conditions where the es-
timated aeration coefficient [Ka) is near or less
than 5/day. The estimates of production, using

this method, are consistent with reported pro- .

duction for moderately enriched streams. These
production calculations are sensitive to the es-
timated aeration rates and provide an indiract’
approximation of diurnal production (Table A-4),

Table A-3. Production Measures

PRODUCTI

=T T

ON AND RESPIRATION IN THE COAST FORK — GREGORY {1993}

28.5 ne © . 63b.6

4.4 23

25.7 1615 1153.2

1.7 185

Revicinng Drtes Notobar 2. TDO5
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biomass developed over a stream reach may be
refated to the total mass of a limiting nutrient
originating upstream than observed concentra-
tion {Welch et al. 1988). Elevated biomass will
continue downstream until depletion of the
nutrient occurs. Nutrient uptake could than
allow periphyton 10 depress ambient levels to

the extent that secondary nutrient limitation -

occCurs.

When ambient nutrient supply decreases, re-
cycling increases (Mulholland et-al. 1991). The
influence of lowered nutrient concentrations of
periphyton may depend on the amount of inver-
tebrate grazing and changes in recycling rates.
In experimental channels, Mulholland observed

the reduced nutrients did not reduce periphytan

biomass without invertebrate grazing. Peterson
et al. (1985} studying a phosphorus poor
stream {1-ug/l} found additions of 10 ugh
increased periphyton growth for more than 10
kilometers downstream. In Peterson’s (1985)
study, there was also an increass in the bio-
mass of invertebrates implying increased graz-

ing.

Thers is no information describing the influence
of grazing pressure on periphyton in the Coast

Fork. The response of the periphyton commun-

ity as nutrients are reduced below the currently
excessive levels may be significantly dependent
on grazing interactions.

Invertebrate grazing. pressure can exert a con-
trolling effect on periphyton assemblages.
Several studies have shown that the taxonomic
structure of periphyton communities can be
altered by grazing {Powers 1980). Grazing
may influence not only standing crop, but
uptake and recycle rates and species distribu-
tion within the benthic aigal mat. Algal bio-
mass be controiled by grazing Jackoby {1987},
Welch et al. {1988). Grazing generally resulted
in lower periphyton biomass, a simplified algal
community, lower rates of carbon production,
and decreased nutrient recycling. Mulholland et
al. {1991) observed that in heavily grazed
streams nutrient cycling appeared constrained.
Lamberti et al. {1987) observed that in experi-
mental channels, grazing reduced periphyton
biomass and chlorophyll, but increased the rate
of primary production. De Angelis.et al. {1950}
observed that a grazing resulted lowered bio-
mass as compared to an ungrazed system.

Gregory (1 693} applied a stream ecosystem -
model developed by Mcintire {1973} which
evaluates the interactions of several variabies
including nutrients, grazing, and hydraulics on
algae. The model provides a theoretical frame-
work for evaluating ecological interactions, but
cannot at the current stage of development or
calibration be used as a predictive tool.

‘The importance of grazers on benthic communi-

ties is reflected in the work by Gregory {1993}
in the Willamette River {Oregon} as a simulated
10-fold reduction of biomass by the presence of
grazers up to nutrient concentrations of approx-
imately 125 wpg/l Nitrogen. Consumption by
herbivores sharply reduced predicted benthic
maetabolic rates. At nitrogen concentrations
greater than 125 wg/l, the predicted biomass
and production was not as constrained by graz-
ing.- This theoretical exercise suggest that at
modarately high nutrient concentrations grazing
can constrain production. At higher trophic
levels supported by high nutrient concen-
trations, such as observed below the CGSTP,
biomass accumulation may overwheim the ef-
fect of grazing and accumulate greater biomass
and production.

DeNicola and Mecintire {1991} observed that
light and grazing effects could be related. At
high irradiance in experimental streams, parts of
the algae assemblages remained ungrazed.
Sheltered substrate algae were more heavily
grazed. Similar interactions are postulated for
Oregon coastal streams because the dominate
herbivore (Juga)} snail distribution correspond to
irradiance. :

Differences in shade may influence the amount of
periphyton biomass and production in the Coast
Fork. Higher levels of shading have been ob-
served at the upstream control sites (20-40%) as
compared to sites in the lower river {0—109%).

Light may limit biomass accrual and influence
the rate of invertebrate grazing {Mcintyre,
1966; Hill and Harvey, 1982; Manual-Fauler et
al. 1983; Lyford and Gregory, 1975). Wynne
and Rhee {1988) conclude that the light regime
not only alters the optimum N/P ratio, but has
profound influence on phosphorus uptake rates
and alkaline phosphatase activity of phosphorus
limited cells. The light regime may influence
species competition for limiting nutrients.

SA\WH5747.5A4 . e eme
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Mcintyre D.C. (1973} suggests the relatively
low biomass of periphyton observed in small
western Oregon streams is the result of grazing
activities, high silt loads during fall and winter
months, and canopy shading (Light). Aithough
modified by herbivores rates of primary pre-
ductivity, and algal biomass accumulation gen-
erally increased with higher irradiance {Lamberti
et al. 1989),

Stream flow in the Coast Fork near Cottage
Grova is controlled by upstream impoundments
on both the mainstem and major tributary Row
River. Eutrophication is often greater below
reservoirs because of flow regulations either
limiting the frequency and intensity of spates
which would remove periphyton biomass ac-
curnulations through physical shear, and often
because of nutrient increase as well resuiting
from in lake processes.

Streamflow can have significant effect an peri-'

phyton by controlling biomass through shear,
and by influencing nutrient supply through
turbulent transfer {Dufford et al. 1988; Grimm
and Fisher, 1986; Horner and Welch, 1981;
and Welch, 1988). Mclintyre {1973) indicates
that high siit loads accompanying high flows
help regulate periphyton in waestern Qregon
streams. Periphyton communities respond
relatively quickly following high flow events

{Humphry and Stevenson, 1992; and Steinman -
and Mcintire, 1980). The rate at which -

periphyton grow and accumulate after follow-
ing a high flow event may be dependent
upoen nutrient supply. Controlled and more
stable flows would increase the time avail-
able for periphyton communities to grow and

develop because of the lack of episodic shear

events.

EVALUATION OF ALTERNATIVE
WLAs, NUTRIENT, PRIMARY
PRODUCTION, AND pH

Several aiternative WLA strategies have been
‘evaluated. Although many factors, including
invertebrate grazing, sunifight, temperature,

streamflqw, and nutrients combine to influence -

the growth of periphyton control, the Depart-
ment does not have direct regulator control on
all of these factors. The Department does have
regulatory authority over a significant pro-

portion of the available nutrients, and to
some degree over available flows, The TMDL
therefore focuses on the ability to limit the
impact of periphyton production on water
quality standard violation through nutrient con-
trol.

A simple mass balance of the observed ambient
and source flow and quality data provides a
method for determining relative source inputs
and downstream nutrient iosses. Because of
the low level of nutrients needed to saturate
growth requirements for algae cells and even
extensive mats formation, it may not be
possible to define achievable WLAS to be below
limiting levels. However, the distance below a

_source influenced by a waste discharge may

provide a tool for establishing a nutrient TMDL

- 1o kmit periphyton production.

Moss Boonee WLAs For CGST to the Coost
_ Fk, in Los/d OF [38 exigting, 8, 4,0}
6.2

0.1a
0.8
a.l4

=

?{LI

~= f.1

a

) 0.0B
0.05
.04
0.02

Figure A-17. Mass Balance PO,

Viclations of the pH standard are cbserved be-
low river mile 13. it is uncertain if pH vio-
lations occur upstream of this location. River
mile 13 provides a reference location where up-
taka should remove ambient nutrients to levels
limiting periphyton production rates {Figure A-
17,

Mass balance estimates of where nutrient con-
centrations under alternative WLA strategies
was evaiuated using data collected during the
low flow .surveys. Nutrient reduction was as-
timated as a zero order loss rate. Uptake is
assumed to remain constant as long as the
available nutrients exceed threshold lavels for
the periphyton community biomass. The esti-
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Table A-5. Treshold Distance

RM WHERE REFERENCE PHOSPHORUS CONCENTRATION (mg/L) IS ACHIEVED
UNDER DIFFERING MASS LOADS USING A SIMPLE MASS BALANCE.

12.2 ' 8.5

8.1 16.0
4.0 19.6 15.9 122
0.8 20.8 18.9 16.1

mate of nutrient concentrations under no WLA
assumes that the loss rates observed upstream
of the CGSTP would continue throughout the
mainstem of the Coast Fork. This assumption
may underestimate the nutrient uptake that
would occur if periphyton biomass and uptake
rates increase in the broader, more open por-
tions of the river below the confluence with the
Row River and below the CGSTP.

The distance below a source that elevated per-
iphyton may occur is indicated by the distance
required to achieve a phosphorus limited thres-
hold. Removing phosphorus at the STP would
result in a shift in the N/P ratio- toward phos-
phorus limitation. A ambient concentration
threshold of 0.0.mg/L provides an indication of
phosphorus limitation; 0.005 mg/L is the De-
partment’s current lower reporting limit; and
©.010 mg/L provides a measure of community
uptake limitation (Table A-5).

Assuming that uptake rates remain constant

under a WLA of 8 Ibs/day, it is apparent that .
increased response from periphyton can be ex-

pected for several miles below the CGSTP dis-
charge. The assumption of similar uptake rates
may be valid as long as nutrient concentrations
are in excess of limiting concentration. Under
a WLA of 0.80 Ibs/day, the phosphorus concen-
tration would be similar to estimates of back-
ground conditions about 1 mile below the con-
fluence of the Row River. At current discharge
levels of 1.5 cfs, a WLA of 0.80 |bs/day is
equivalent to an effluent concentration of 100
#g/l (0.1 mg/L), which is much less than the
existing mass loads.

The current nitrogen balance indicates that
phosphorus acts as a limiting nutrient in the
Row River, and is in limiting proportion in the
Coast Fork upstream of the CGSTP. Concen-
trations upstream of the CGSTP are near or

Observed Nitr /Phospharus Rotio
Coasl ¥ wmmm River

FL)

b

(NOT+HOS +HH3 M) £IPOA -P)
-

- -
l
4 ._4__—‘
——

Figure A-18. N/P Ratio

greater than concentrations cited in the litera-
ture that appear to limit periphyton biomass.
Below the CGSTP (RM 21.5), the nutrient bal-
ance is dominated by the nutrient characteris-
tics of the effluent. Nitrogen is in limiting
proportions below the STP (Figure A-18).

Although nitrogen is in limiting preportions, the
available nitrogen is above concentrations that
have been documented as limiting periphyton
biomass production. Estimates of background
concentrations without an STP discharged
assumed that nitrogen uptake would be similar
to the levels that occur upstream of the STP.
Without the STP discharge, the estimated back-
ground concentrations remained high enough to
support periphyton growth throughout the
mainstem Coast Fork. Estimated phosphorus
concentrations and nutrient ratios indicated
phosphorus limitation under background con-
ditions {Figure A-19}, ‘

At current discharge volumes, the evaluated
WLAs of 40, 24, and 8.1 Ibs/day of inorganic
nitrogen in Table A-6 are equivalent to effluent

r - SAV\WHRTITZR Craae
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Table A-6. Treshold Distance — Nitrogen

RM AT WHICH TARGET CRITERIA ARE ACHIEVED FOR
VARIOUS NITROGEN WLAs

ey &
40 15.7

4.7 : -

24 18.2

7.2 - 4.4

9.7 7.0

8.1 ' 20.7

Nilrogen WLA (LBS/D} to lhn Consi Fork
?:nlshng 97, "24, B, Mo STP}

Figum A- 19 Nitrogen Mass Balance

concentrations of 5, 3, and 1 mg/L, respective-
ly. The simple mass balance estimates indicate
greater distances are required to achieve ni-
trogen control thresholds as compared to simi-
lar threshoids presented in Table A-b for phos-
phorus.

Because of the relatively high {100 ug/l) back- -

ground incrganic nitrogen concentration and the
nutrient ratios indicating phosphorus limitation
upstream of the CGSTP and in the Row River,
a periphyton control strategy based on unila-
terally on nitrogen removal alone may not be as
effective as a unilateral phosphorus control
strategy. Nitrogen limitation would not likely
occur until the benthic uptake removed back-
ground concentrations and WLAs to lower
- levels that were estimated for background con-
ditions. Controlling both micronutrient nutrients
would provide the greatest assurance of limiting
the impact of periphyton production on water
quality standards violations. Nitrogen limitation
due to effluent limitation may result in an
increase in nitrogen fixing algae which would
add additional nitrogen to the system.

A simple mass balance does not provide

information on the distribution and range of
expected values. The expected range of ortho-
phosphorus concentration can be estimated
using monte-carlo methods. Figure A-20 il-
lustrates the estimated distribution of ambient

phosphorus concentration below the CGSTPun- ; -- -

der current mass loads {open boxes) and under
. phosphorus effluent limits of 4 pounds/day, and

with no WLAs {suparimposed lines).

EST matad PG4 below Cow F
for Curvent 100 wQd |, an O WA

[
|
|
. e q

nustrunut an PCH -Luq )I

i M . !

IIE. w3 e 55'.?5 75, s b 11'1 - 13 2% 150

Figure A-20. Estimated PO,

The variation in daily averaged summer low
flow discharge was obtained from USGS gaging
stations for the low flow period. Stream flow
is typically near 150 cfs, with approximately
100 cfs from the Row and 50 cfs from the
Coast, Fork Willamette River, but it is oc-
casional much higher. As streamflow in-
creases, the relative contribution from the Row
River increases.

The distribution of ortho-phosphorus was de-

~ termined from DEQ data collected during the

low flow period. Variation in flow and effluent

Revision Date: October 2, 1995
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quality from the CGSTP was obtained from DEQ
monitoring and from the wetlands feasibility
study. For estimating distribution under al-
ternative wasteload allocation, it was assumed
that the standard error remained constant as
effluent phosphorus decreased. The mass bal-
ance estimates do not account for periphyton
uptake of phosphorus and thereby provide a
measure of the total phosphorus available for
algal uptake.

Wasteload allocations of 8 lbs/day result in
estimated average concentrations near the up-
per range reported for limiting periphyton com-
munities. Estimated instream concentrations
below the Row River occasionally exceed in
river concentration of 20 g/, levels reported in

the literature that would4imit periphyhton com--

munity production {Table A-71.

ment of areal biomass of periphyton. A WLA of
0.8 Ibs/day increases the anticipated distri-
bution or ortho-phosphorus by less than 1 ug/l
above a no-discharge option,

Although an’increase associated with a WLA of
0.8 Ibs/day, crtho-phosphorus may be difficult
to measure. There is reason to believe that the
periphyton will respond t¢ the discharge. Peri-
phyton have been reported to dramatically in-
crease areal bicmass in response to low con-
centration, less than 1 yg/i of ortho-phosphorus
{Bothwell, 1985} and to very dilute discharge of
municipal effluent (Traaen, 1978). The dis-
charge could greatly increase available nitrogen.
Periphyton may respond differently to a supply
of multiple nutrients than would be anticipated
from evaiuation of a single nutrient {Bothwell,
1992). )

Table A-7. Distribution PO,

MASS BALANCE ESTIMATES OF DISS. ORTHO PO,-P {zg/l) IN THE
COAST FORK BELOW THE ROW RIVER )

Current 71 53 36 54
10.0 lbs 32 21.3 14 22.3
8.0 Ibs 29.4 18.6 12.3 20.4
4.0 |bs 24.0 14.1 8.5 15.8
0.8 lbs 20.4 10.3 "B.2 12.2
0.0 Ibs 19.6 9.5 4.5 11.4 -

The Department’s minimum reporting limit for
ortho-phosphorus is 5 ug/l, with an accuracy
{95% CI} of approximately +/- 1.5 ugi. A
WLA of 4 lbs/day would result in a8 measurable
increase in instream phosphorus near 5 ug/l.
The typical range of concentration below the
discharge would be in the range where litera-
ture values indicate slight response due to com-
mumty limitation by phosphorus.

A phosphorus WLA of 0.8 |bs/day, eguivalent
to an effluent limit of 100 wug/l, woulid be
indistinguishable as field measures from the
anticipated canditions with zero wasteload
allocation. The range of anticipated ortho-
phosphorus concentrations is likely greater than
would limit individual cells, but would appear to
be within the range that would limit develop-

" thesis

The estimates, of the distance downstream
below the CGSTP required for nutrient
uptake to reduce ambient concentrations to
limiting levels,.mav be underestimated by the
simple mass balance procedures due to
nutrient cycling interactions. However, the
observed uptake rates are consistent with
uptake rates estimated through stoichiometry
as suggested by Di Torro (1981} and
expanded upon by Thomann and Mueller
(1987}, The distance downstream that a
source of nutrients will support elevated
periphyton is dapendent on several factors.
Welch et al. {1988) has formalized a hypo-
that relates a critical distance
downstream of a source to production and
uptake rates, nutrient supply, and a nutrient
threshold.

SA\WHS5747.58 ' Yode o s
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Table A-8. Threshold Distance

RIVER MILE AT WHICI-I A 5 pgﬂ THHESHOLD IS REACHED

125 3.5 11.1 - 15.0 18.0
150 4.8 1.7 15.1 17.9
200 6.5 12.4 15.3 17.7

Di Torro {1981} has developed an analytical -

formula that relates the observed range of di-
urnal dissolved oxygen {Apg) and the aeration
coefficient (K,} to.a measure of benthic produc-
tion {P,}:

0.5K, [1-e” ']
[1-e"%p %

From this, Thomann and Mueller {1987} show
that nutrient uptake rates {Spy ) can be es-
timated using stoichiometry from the est:mates
of benthic productlon

P, =

By Py
267

Srq =

Where a,. is the phosphorus to carbon ratio
{0.01-0.02} and-2.67 is the DO to carbon
production ratio. Units are in mg/L-day, and
critical travel times (t,) can be estimated as:

Knowing stream velocity, the distance required
for uptake to reduce instream nutrient levels to
a selectad critical concentration may then bhe
estimated using measures of the dlurnal range
of dissolved oxygen.

The steady state sumplification used does not
provide a means to assess seasonal differences
in uptake, successional changes in algae that
may influence uptake rates, or variable uptaka
rates dependent on nutrient supply. However,
the method does provide a means to assess
conditions observed during the relatively con-
stant summer flow and load regimes observed
in the Coast Fork.

The continuous diurnal measures were used to
estimate production rates as maodified by
Chapra and Di Torro {1981) for streams where
K, are less than 5/day. The uptake rates are
sensitive to the indirect measure of aeration.
The estimated uptake rates using this method
were equal to those calculated from the mass
balance. Assuming that production would
remain simitar as long as nutrients were in
abundance, the distance required for uptake to
reduce nutrients to limiting levels was esti-
mated for alternative WLAs and stream flow
conditions. Typical flows are near 150 cfs and
minimum flows are near 125 cfs, indicating the
controiling influence of regutation by reservoirs.
Increased flow decreases instream concentra-

- tion through dilution {Table A-8).

Without the STP discharge, the phosphorus
concentrations would be above suggested
threshold ambient phosphorus concentration of .
near 10 wg/l. Even a slight increase in WLAs
would act to increase the distance that the
stream remains above threshold levels. The
uptake rates may be reduced as nutrient con-
cantrations are reduced and approach threshold
levels {Table A-9}.

Nutrient spiraling, the process of cycling
nutrients through the periphyton community,
provide nutrients that may not be directly mea-
sured in the water column. The estimate of re-
moval using mass balance and uptake based on
diurnal production neglect nutrient spiraling. As
a result, the distance that a nutrient source will
influence periphyton growth rates is likely
underestimated.

Welch et al. {1988} formalized a hypothesis
that the critical distance for which periphyton
biomass could potentially be greater than a
define threshold should be the ratio of the mass
of available phosphorus divided by expected

Revision Date: Octrber ?..7995 . |
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Table A-9. Treshold Distaﬁce

DISTANCE TO THRESHOLD UNDER 0, AND 0.8 LBS/DAY WLAs @ 125 cfs

10 208 20.8
5 . - 18.7 18.0
0 15.5 14.8

demand. The mass of available phosphorus is
dependent on the mass originating at an up-
stream condition and the recycle rate within the
periphyton mat:

@ (PO‘I " Po‘e)
< P
Chl -Day

B TW10>-Z
kom

Where:

D ‘= The critical distance in Kilo-
meters {*0.625 in miles).

PO, = Ortho-phosphorus mg/m? in-
: flow, estimated from simple
mass balance, with 15 and 7
ughl in the Coast Fork and
Row Rivers, respectively.

PO, = Critical concentration sup-
¢ porting the threshold biomass
levels, assumed seither as 1 or

4 pall.
o = Flow rate in m¥/day {4.25).

r = Recycle rate {1.5) from New-
bold et al. {1982}.

Nutrient uptake rate per day
normalized to chlorophyll a
measure of biomass production
{0.2) from Horner et al
{1983}, Seeley (1986). These
authers report ranges of 0.1
to 0.24 P/Chl, for maugeotia.
At the B, of 100 and a depth
of 0.52 meters, uptake would
be 38 pg/I-D. Estimates of
uptake using Di Torro and
data from.the diurnal curves
at Cresswell ranged from 21
to 36 pg/l-d. The lower rates
appeared to be more consis-
tent with the uptake estimat-

P/Chl,-d

ed from the simplified mass
balance (0.11p/Chl,-d}, and
would be similar to the lowaer
ranges reported by Sesley.

T = Trophic consumer retention
factor 1.2, a 20% retention.

= Stream width in meeters.

B, = Biomass nuisance reference
_level as 100 mg chl,/m3,
based on limited measure of
existing periphyton accumu-
lation as chlorophyll a in the
Coast Fork. Weich uses 150
mg/m* :

Results from application of the equation show
that the length of the stream where B, is ex-
ceeded due to the CGSTP is linearly propor-
tional to the mass load of limiting nutrient,
assumed to be phosphorus. The estimated
length where biomass may exceed threshold
levels in the Coast Fork is calculated by mul-
tiptying the ratios {miles/pound] and adding the
influence of background water (0 WLA). Each
pound of phosphorus may extend the zone of
influence downstream by =1.25 miles. Even
without the CGSTP discharge, the available nu-
trients rmay allow periphyton to attain relatively
elevated levels of biomass as the stream enters
the more open sections below confluence with
the Row River (Table A-10).

The selection of a critical concentration, above
which a nuisance biomass level is supported by

ambient nutrient concentrations, is uncertain.
The selection of 1 to 4 ug/t is consistent with
values reported by Weich et al. {1989}, Both-
well {1989}, and others and is consistent with
the existing theory that relatively low threshold
biomass { ~ 100 mg/Chl,/M?3} can be attained at
relatively low {~1-4 ug/ll orthe-phosphorus
concentration. A threshold concentration of 5
ug/l was used and provides a reference for

 SAVWHETLT, B v ene an
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A-18 ) Water Quality Report — Coast Fork TMDL Development

Table A-10. Biomass Increase |

CALCULATION OF STREAM MILES EXCEEDING B, PER POUND OF
AVAILABLE PHOSPHOHUS

At Uptake Rate 0.11P/Chi -day

1 1.244 8.71
) 1.244 5.67
- 5 1243 2.66
—_—— - — - —- -

At Uptake Rate 0 20P/Chl,-day

1 0.684 4.79
4 0.684 3.12
5 0.684 | 2.66

other uptake estimates and is the lower re-
porting limit for ortho-phosphorus by DEQ.

Several authors including, Horner et al. {1983},
Seeley (1986), and Bothweil {1985) suggest
that some control on maximum biomass occurs
at higher nutrient leveis. Selecting a higher
threshold ~ 10 ug/l, for instance, would greatly
reduce D.. This equation does not include the
potentlally dominant influence of grazing on
periphyton biomass. Weich et al. (1989) sug-

gest that predictions will generally exceed _

"actual periphyton accumuiation due to the in-
fluence of invertebrate grazing.

Inherent in all these uptake models is the as-
sumption of similar benthic conditions along the
course of the stream. Stream morphology is
not as consistent as implied, and uptake rate
may reflect the influence of variable stream
morphology on benthic metabolism and biomass
accrual. For example, deeper peols may de-
velop different accumulations of periphyten
than do riffles or glides. However, these ef-

forts provide a method for discussing the cur-
rent theories on periphyton accumulation as re-
lated to nutrient control,

The uptake rate of 0.11 mg/L-P/Chl,-Day ap-
pears consistent with observed conditions in
the Coast Fork. A WLA of 0.8 Ibs/day could
result in threshold biomass similar to observed
values extending nearly 1 mile further down-
stream from the Row River than the 4.5 t0 9
miles that may occur due to .upstream nutrient
loads. A WLA of 8 Ibs/day could result in
threshold biomass similar to observed values
extending 10 miles further downstream than
supported by background concentrations (Table
A-11).

BIOMASS ACCRUAL/GROWTH
KINETICS

The rate at which biomass accumulates in a
stream may depend in part on the available nu-

trient concentration. The concentrations of’

Table A-11. Threshold D,

RIVER MILE TO REDUCED BIOMASS AT A 5 pg/l THRESHOLD BY
WLA @ 0.11P/Chl

-day

Bryiinn Nats: Netober 2, 1995
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Water Quality Report — Coast Fork TMDL Davelopment A-19

nutrients required to saturate periphyton in
streams may be significantly greater than that
observed in laboratory expariments (Bothwell
1989}. Bothwell provides a growth curve that
has multiple phases. These phases include an
initial cellular uptake phase where the growth
rate is limited by cellular uptake. This phase is
similar to growth rates estimated using a 0.5
ug/l half saturation coefficient using Michaleis-
Menton kinetics. The second phase is less dra-
matic, where the growth rate of periphyton is
limited by diffusion of nutrients within the
periphyton mat, The third phase is where the
growth measurements of the saturated mat are
lowered and nutrient are abundant enough to
maintain diffusion gradients into the benthic
mat.

Bothwell {1989) noted ;hat filamentous forms

of periphyton have higher extracellular nutrient

requirements than diatoms. He suggests that
the inflection point noted by Herner and Welch
{(1981) at 26 ug/l may be the inflection point
between cellular uptake and mat diffusion for
the filamentous algae studied by Horner,

Comparrsion of daia from Bcihwetl
wilh Lheorntical monod kinelics

- MDAl MASS Loads

srovsrsrrsr VLA D [

SEPEFIFEFIFs wWia 08 — Ly w

I3 0 0 30 Al 30 &0 ] a1
0P ygil

Figure A-21. Biomass Accrual .

Figure A-21 illustrates the curves developed by
‘Bothwell (1989} and Michaelis-Menton growth
curves with one-half saturation coefficients of 8,
as suggested by Seeley {1886}, 4 and 0.5 ug/l.
Superimposed on this figure is the current and
anticipated interquartile range ot ambient ortho-

phoshorus concentrations below the Row River:

under a WLA of 0.8 Ibs/d concentrations of ortho-

phosphorus in the Coast Fork beiow the Row Riv-.

er. This ﬁgﬁre reflects the conventional wisdom
that threshold levels for periphyton limitation are
near 20 ug/l, and significant {80% of maximum)
limitation may not occur until levels fall to below
10 ugll. A WLA of 0.8 Ibs/day will result in maxi-
mum ortho-phosphorus concentrations within lev-
els reported as limited by diffusion into the peri-
phyton mat. A WLA of 8 Ibs/day (not illustrated,
Table A-9} will result in maximum ortho-phos-
phorus concentrations near 12-30 ug/l that are at
the upper end range reported for limitation by
diffusion into the mat as reported by Bothweil
(1989} and suggested by Weich et al. {1989).

A simpie procedure proposed by Horner et al.
{1983) and discussed by Welch et al. {1989)
provides a steady state kinetic predication of
the potential accrual of periphyton biomass of
periphyton based on the physical and chemical
characteristics of the river and their influence
on algae growth rates and accumulation {Walch
et al. 1989). The model does not include inver-
tebrate grazing, and may therefore overestimate
accrual rates and maximum biomass.

The model was originally calibrated against the

growth of filamentous green algae in artificial
channels over a range of velocities and phos-
phorus concsantrations (Horner et al. 1983}. As
prasented, the model is:

B = (w) . [1_¢'K="“‘r‘p¢]
[K\uL(K+Kp)) '

Where:

B = Periphyton biomass.

Bohax = Maximum biomass sustained in
a mat {560 mg-chl,/m?%) as re~
ported by Horner et al. {1983]
for channels, recent communi-
cations suggest a value as high
as 1000 mg-chl,/m?,

p = Foax*Fi . pis the uptake rate of
phosphorus based upon Mich-
aelis-Menton kinetics.

= Maximum uptake as described
by Epp!ev, 1972, in Hornpr'et al.

(1983} a5 pq = 0.2206 10 .

pmax

L = Light limiting factor, for this
analysis as 1, indicating no light

SA\WH5747.588
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A-20 ' Water Quality Report — Coast Fork TMDL Devalopment

limitation. No light. limitation is
supported by work of Jasper and
Bothwell {1986) who showed a
wide range of light available for
periphyton and the relatively
open. nature of the Coast Fork.
Similarly, at least some pre-
liminary research indicates that
periphyton are adaptable to high
light intensities (Gregory, 1992),

K; = An empirical constant of 1.2
when SRP < 13 pg/l (25 wo/
inflow), or 0.022P + 1.592 when
SRP >13. The constant pro-
vides a transitionat function and
some discrepancy occur be-
‘tween Horner et al. (1983} who
uses 195 pg/l of SRP rather than
the 13 ug/l reportied by Welch et

al. {1989).

K, = The scour coefficient at 0.3 mg-
“chl,/m?2.

8 = 0.45.

V = Velocity as estimated from dye

studies on the Coast Fork pub-
{ished by USGS at 150 cfs.

Ki; = The non-turbulent mass transfer
coefficient = 0.0094 cm/s.
Ki = The turbulent mass transfer

coefficient (DV/m)®S with d =
1.5 x 10°% ecm¥s.

t = The growth period in days. For
- the Coast Fork, the algal growth
period was assumed to be near

90 days of constant fow flow
periods due to flow regulation

from upstream reservoirs. The
growth period was undefined in

Welch et al. {1989). Horner et

al. {(1983) used a 12-day period’

for calibration of the model to
algal growth in experimental
channeis.

For application to the Coast Fork, the B, was -

divided by the calculated B to provide the per-
cent biomass developed over time (t).

The analysis is based upon Michaelis-Menton

Kinetics, and turbulent transfer of nutrients to
the periphyton mat. Values of 4 ug/i and 0.5

Mgfl were selected as the one-half saturation
constant (Figure A-22).

Sicmatt Actamuatos aatn T ma

_Hiomass macizstmalag
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Figure A-22. Biomass Accrual Base

A 4 pgll constant is less than the recommended
8 ug/l from Weich et al. (1989) as described by
Seeley (1986} based upon uptake rates from
filamentous algae. The lower value may be
more reflective of the algal growth requirements
for nonfilamentous algae. The one-half satura-

tion coefficient is likely to be less for saturation -

of benthic mats of filamentous algae and may
be compared to the saturation levels near 20-
30 wg/l reported in available literature. - A half
saturation coefficient of 0.5 x#g/! would be con-
sistent with the single celluiar rates defined by
Bothwell {1988). However, the 0.5 ug/l coef-
ficiant would result in greater growth rates than
the community limited diffusion defined by
Bothwell {1992) when ortho-phosphorus ex-
ceeds levals near 1 to 2 ug/l. '

The only site specific inputs for the Coast Fork
to this theoretical equation are data on tem-

perature, stream velocity, and nutrient con- -

centration. For the applications, the concen-
trations were assumed based on median values
estimated from the distributions of mass bal-

" ance estimates of instrearmn concentrations un- -

der alternative wasteload allocations.

Application of this model show that the bio-
mass accumulation curves are nearly super-
imposed for WLAs of O and 8 Ibs/day. The
results are sensitive to the assumed half

_saturation constant under the assumed WLAs
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of 8 and O Ibs/day, with lower rates of biomass
developed under the higher half saturation

- coefficients. Under current lcads, the model

result were not sensitive to half saturation

coefficients indicating that nutrient levels were
"well in excess of algal growth requirements.

These results indicate that the rate of biomass

development is reasonably expected to be re-

duced under either a WLA of 8 or O Ibs/day
eveni with uncertainty about the limiting con-
centration of phosphorus.

At current phosphorus levels below the STP,
the periphyton would be expected to approach

.maximum biomass in the order of weeks. The

biomass accumulation would not be expected
to be limited by nutrients since both phos-
phorus and nitrogen are in excess of nutrient
limiting concentrations. Estimates of bio-

accumulation rates are not sensitive to es-’

timates of the one-half saturation coefficients
since the available nutrients would appear to
saturation growth requirements.

The rate at which biomass approaches maxi-
mum is reduced as nutrients are reduced to
near background, and pheosphorus is reduced to

. limiting proportion and concentrations. The

biomass accumulation developed using this
equation was always much greater with median
concentrations of 20 g/l {8/lbs/day WLA) as
compared to the instream criteria near 10 ug/l.
The rate of binaccumulation would be expected
to decrease as uptake removed cencentrations
downstream in the Coast Fork.

This exercise also indicates that given enough
time that even at low concentrations periphyton
approaches maximum biomass. Such a conclu-
sion would be consistent with theories proposed
by Grimm and Fisher {198€). However, most
authors conclude that growth rate and ultimately
biomass may be controlled by nutrients in limiting
concentrations. Welch et al, (1989). At lower
rates of biomass, accrual invertebrate grazing may
have a relatively greater effect on controlling
biomass than at the more rapid rates of develop-
ment. Substantially higher flows and colder

temperatures in the Coast Fork during the fall-

spring likely control periphyton accrual more so
than nutrient concentration.

The importance of winter storms or reservoir
releases scouring and *‘resetting’’ the accumu-

lation of periphyton is demonstrated by this
analysis. The effect of nutrient reduction,
assuming everything else is negligible, is to
increase the time required for biomass 10 ac-

- cumulate. Maximum biomass may not be at-

tained during the growth period between. Dur-
ing the winter, high flows and colder tempera-
tures are presumed to limit accumulation and

- production. Scour ‘events which reset the

growth of the periphyton mat may control the
maximum standing crop of periphyton biomass
attained,

INFLUENCE OF PERIPHYTON
PRODUCTIVITY CN pH

The observed pH standards violations in the
Coast Fork appear to the result of photo-
synthesis consumption of carbon: 106C0, +
16NO, + HPO, + 122 H,0 +18H » Aigae + 1380,.
Algal growth produces- DO and increases pH
through decreasing inorganic carbon concen-
tration. The consumption of CO, has no in-
fluence on alkalinity. Since ‘alkalinity is as-
sociated with a charge balance, the consump-
tion of carbon results in a shift of equilibrium,
increasing the pH. However, it is not strictly
true that photosynthesis does not change alka-
linity, the assimilation of other charged ions
that influence alkalinity.

The amount of free CO, in water is dependent
upon the alkalinity, pH, and temperature. Total
Alkalinity is usually reported as mg/L of CaCO;.
There are 50 milliequivalents (meq) in a mg/L of
CaC0,. Total alkalinity as CaCO- divided by 50
converts to meq of alkalinity., Carbonated alka-
linity can then be determined as:

Alkalinity - 5_;]._4, [H]

oy (@,+ 2a,)

" The free CO, ([H,CO,l') can then be deter-

mined as:

H,CO" = aC,

Wheré:

SA\WHST747.588 oot s e -
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T e, = [HY
O [HPHIK, KK,
and
.. [H 1K,
L PR, KK,
and

®. = IKdKaz
P HPHHIK, KK,

and Creq s tha total inorganic carbon, and Kw
is [H}/{OH]. Tre equilibrium coefficients are
dependent upon temperature.

Carbon is replaced by. equilibrium with the at-
mosphere through aeration. By assuming that
the uptake of carbon and equilibrium reactions
occur at a greater -rate than replacement of
carbon through aeration, the response of pH to
reduced carbon concentration can be illus-
trated. The Coast Fork Willamette may be
characterized as a weakly to moderately buffer-
ed stream, with typical alkalinities near 20 mg/L
- CaCQ;. The buffering capacity of the carbo-
nate system would be anticipated to be fairly

weak at pH values near the state standard of .

8.5. The pH changes near the standard due to

uptake of carbon would be anticipated to be -

rapid {Figure A-23).

apalvocal Titranon Curve
lor 1ne Caasi Forl Adilamatie River

CUza] Akaumiy 30 mgal CacOd HICCY

— TGO I) el F
—HICC Y immeies il

Figure A-23. Analytical Titration Curve

it is not strictly true that photosvnthgsis does
not change alkalinity. Limited alkalinity chang-

es will occur through the uptake of other
charge ions, such as phosphorus and ammaonia
nitrogen. By making this assumption, the
impact of algal production on pH can be de-
termined by a mass balance of the carbonate
species. Assuming that the consumption of car-
bon is consistent along the river bottom, the
change in total carbonate species can be es-
timated as the amount of free CO, plus the'
amount brought in by aeration, minus the
amount of carbon consumed over time:

-K.m!l
S X
[l-e =D

.°°x
Where:
.Cm,3 _ = E}otél Carbonate Species {mg/
0 = Initial time zero.
t = Time {day).
I(.“:o , = Inorganic carbon gas transfer
2 rate /day

Ccopq = Dissolved CO, [H;CO,1 {mgiL.
Pa = Primary Production/Respiration
rate for. consumption/produc-

tion of CO, {mg/L-day)

This equation is analogous classical dissolved

. oxygen balances, with the exception that onily

the free carbon (COj,aq = H,CO,) portion of
part of the total carbonate concentration is in-
volved in the aeration equilibrium calculations.
Neglecting the influence of buffers other than
the carbonate system, and assuming that total
alkalinity does not change, the pH can then be
estimated from the equations listed above. The
originat equilibrium carbonate concentration is
estimated from the observed conditions of pH
and total alkalinity occurring in early morning
prior to significant photosynthetic activity. The
available information on the rate of pH change,
benthic production, and aeration rates is inade-
quate to support calibration and verification of
this simpie model. However, the general rela-
tionships between the stream characteristic and
pH can be illustrated and the relative effect of
alternative WLA strategies estimated.
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resuit in similar conditions to a no-discharge
option. The WLA of 0.8 ibs/day would increase
available phosphorus compared to a no-WLA al-

ternative and could slightly increase the areal -

extent of the pH exceedances compared tc no
discharge options. Uptake of nutrients would
be expected to reduce ambient concentrations
and thereby reduce benthic production as com-
pared to existing conditions of excessive nu-
trient loads. The estimated reduction in maxi-
mum production rates would become significant
as the available phosphorus approaches the
cellular limitation zone as defined by Bothwell
of 1to 2 pg/l.

Under the 0.8 ibs/day WLA, averaged sum-
mer low flow phosphorus concentrations be-
{ow the confluence of-the Row River would
be near 10 to 11 ug/l. Benthjc uptake would
be expected to reduce the instream concen-
trations to levels that would significantly
reduce production prior to the historical moni-
toring locations in the lower river. Under
maximum phosphorus concentrations near 20
ua/l below the Row River, there is less cer-
tainty that uptake of nutrients will reduce
instream concentrations to levels near cellular
limitation {Figure A-24},

DAILY AVERAGED PO
SELECTED WLA ALTERNATIVES

. Daily Ayeraged POM

= Ouilr vananar «1 4 wpi!
-— LC 26 ugit

an | —— LC gt
= LT 10 wan

v
Five: Mitg

Figure A-24. Daily Average PO,

A WLA of 4 |bs/day wouid measurably increase
the ortho-phosphorous concentration below the
confluence of the Row River by approximately
5 ug/l compared to no discharge options. This
increase is on the order as the Department’s
minimum reporting level for phosphorous and

. may be uncfétectable as analytical resuits. The

increased phosphorus may increase the areal
extent of pH violations. Uptake may reduce the

- ambient levels to the levels of significant nu-

trient control in the lower more sensitive sec-
tions of the Coast Fork.

A wasteload allocation of 8 I|bs/day would
measurably increase the concentration of ortho-
phosphorus. Maximum levels of 20 ug/l will be
infrequently approached without the waste
treatment plant discharge. At WLAs of 8 Ibs/day
ortho-phosphorus, the medianinstream concentra-
tion below the confluence of the Row River would

. be near 20 ugA. A WLA of B Ibs/Day would in-

crease the probability and extent of pH exceed-
ance throughout the Coast Fork (Figure A-25).

Esr-maed pH {morganic carbon palanet
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Figure A-25. Estimatad pH .

The discharge of wastewater also provides in-
organic carbon, alkalinity, and additional buf-
fering to the stream. The discharge of waste-
water would be expected to initially decrease
PH due to the addition of inorganic carbon.
The inorganic carbon supplied by the discharge
would alsc be expected to increase available
supply of inorganic carbon for algal growth.
Under conditions where a WLA results in similar
nutrient concentrations to upstream water, the
addition of carbons from the wastewater could

further the distance downstream to where ex-

ceedances of the pH criteria may occur. Dis-
charge of effluent.would also be expected 1o
increase heterotrophic respiration below the
discharge.

No estimates were made on the potential of
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grazing by macroinvertabrates to influence
standing crops and net production of the
periphyton community. Grazing can have a
controlling influence of periphyton biomass.
Reduced production rates anticipated under a
nutrient control strategy would likely increase
the ralative influence of grazing as a controlling
influence on periphyton.

NONPOINT SOURCE

Limited data exist that indicate nonpoint source
pollution problems in the Coast Fork Basin rela-
tive to nutrient loads. Observations from the
_ limited sampiing that has occurred indicates
that some tributary streéams are carrying elevat-
ed concentrations of phosphorus. The average
of three samples for phosphorus concentration
in Gettings Creek is 130 ug/l; a similar 130 wg/l
reading was observed in Camass Swale in one
sample, and 70 ug/l was observed in one sample
from Silk Creek discharging to the Row River.

The nutrient concentrations upstream of the
CGSTP are relatively high for both nitrogen and
phosphorus. Although these concentrations
have been evaluated as background levels, no
assessment has been conducted which indi-
cates that observed concentrations are naturally
.. oceurring levels. Field observations from USGS
staff conducting water quality surveys in the
Coast Ferk Basin suggest that some tributaries
such as Hill Creek, Gettings Creek, and Camas
Swale as weli as other potential nonpaoint
sources may be adding nutrients to the Coast
Fork {Anderson, 1894). These observations are
consistent with the field cbservations and
* limited data reported by the Department. The
increased periphyton growth near Cresswell as
compared to Saginaw may also indicate non-
point sources of nutrients.

These, or other unidentified NPS loads of nu-
trients, are an instrumental component of the
TMDL. However, since adequate resources
will not be committed to evaluating the effect
of potential NPS control and the CGSTP is the
dominant source of nutrients, the CGSTP WLAs
will not be influenced by the NPS component of
a TMDL. Therefore, a phased approach to im-
piementing the TMDL is proposed. The initial
phase will focus on developing a WLA for the
CGSTP. The second phase will be implement-

ed as the Department priorities warrant and
include interaction with the State Department
of Agriculture to identify and control agricui-
turally related nutrient sources. Initial efforts
would focus on identified streams with eval-
uated nutrients and on control of runoff from
confined animal feeding operations in the basin.

Uncertainty with NPS and background loads is
adequately covered in the TMDL margin of safe-
ty. To assure compliance with this TMDL and
that future NPS [oads do not lead to further
water quality standards violations, the Depart-
ment will impiement a nonpoint source pollution
control strategy for the Coast Fork Basin which
is described by four (4} principal efforts.

1. DEQ will work with Oregon Dept. of Agri-

culture {ODA), the Designated Management
Agencies (DMA} for agriculture, as resourc-
es allow to:

* Inspect all CAFQs in the Coast Fork
Wiillamette River Basin and identify all
corrective actions needed to comply
with permit conditions within 2 years.

e Ensure that all corrective actions are
completed within 4 years.

* Report to the DEQ annually on pregress
toward accomplishing the above tasks
including ‘the number of inspections
completed, permittees needing correc-
tive actions, and permittees completing
corrective actions).

2. ‘The Department will work with the ODA to
undertake efforts to reduce phosphorus
loading to those tributaries identified as
having high nutrient loads, such as Gettings
Creek and Camass Swale, as resources al-
low. The strategy will include:

» Identify significant sources of phos-
phorus in the subbasins.

» Take actions to reduce the identified
phosphorus loads.

* Monitor the tributaries td determine
whether phosphorus loads have beenre-
duced.

3. The Department will continue to work with
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the Dept. of Forestry (DOF) to implement
the Oregon Forest Practices Act. These
efforts will:

"o Ensure that the required practices are
being followed:; document violations
and pursue enforcemant actions.

¢ Monitor activities that violate the FPA
to determine the water quality impacts.

s Monitor water quality below selected
forest activities (e.g., harvest, road
building) to determine whether the for-
est practices are achieving the desired
water quality results.

4. The Department will continue to work to

" implement memorarida of agreement be-
tween the DEQ and federal land rnanage-
ment agencies within the basin 10 meet or
exceed state forest practices requirements
on forested land.

DEQ recognizes that control of the point
sources alone may not entirely resolve the
periphyton growth and dissolved oxygen prab-
lems in the Coast Fork of the Willamette River
‘and its tributaries. The above identified tasks
will further reduce the nutrient load to the river
and its tributaries and contribute to the effort to
limit dissolved oxygen problems resulting from
excessive periphyton growth. More work may
be needed in the future on the role of tempera-
ture, streamflow, and channel modifications to
the water quality problems in the river.

Cne load allocation is assigned for nonpoint
sources and background combined. Agriculture is
not assigned an individual load allocation be-

cause we do not consider this basin a high pri- -

ority for a full Agricultural Water Quality Manage-
ment Plan under OAR Chapter 603, Division 90,

DISSOLVED OXYGEN WLA
STRATEGIES

The observed dissolved oxygen standards in the
Coast Fork below river miie 14 appear to be the
result of benthic algal respiration and are not
directly related to an oxygen sag resuiting from
effluent discharged from Cottage Grove. Al-
though the observed DO violates the State’s
current standards, the proposed standards

{ODEQ triennial standards review) do not ap-
pear to be violated also. The nutrient TMDL de-
signed to reduce pH violations will reduce the
observed diurnal variation in dissolved oxygen.

Multiple oxygen samples were coliacted above
and below the Cottage Grove wastewater treat-
ment on August 8-10, 1883, Measured oxy-
gen saturation levels were at criteria values in
the initial mid-morning samples above and be-
low the STP discharge. The dissolved oxygen
saturation levels may have fallen below criteria
early morning prior to sample collection and
significant photesynthetic production of oxygen.

Figure A-28 illustrates the difficulty in interpreting
the existing criteria as absolute minimums and ex-
pecting to have any available assimilative capacity
to distribute to point source discharges. Back-
ground conditions are.already at or below the
current standard. Any potential WLA would
need to be determined on a basis of no measur-
able reduction in dissolved oxygen. Measurable
levels have heen defined as 0.10 mg/L DO,

Measures GO on conseculive days
n the Zoas! Fort near Collage Grove
Saluration
ranD aluratio

C Briow 5377
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Figure A-26. Diel Oxygen

The waste discharge may influence dissolved
oxygen through dilution with a low-oxygen ef-
fluent, and by increasing the concentration of
oxygen demanding substances. The effluent
dissolved oxygen concentration that will not
result in a measurable decrease in dissolved
oxygen after complete mixing with the receiv-
ing stream can be determined as:

po,, - %m0 - 300)1 - (Q,,D0,,)
off.
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If dilution uses the entire measurable dissolved
oxygen deficit, then the oxygen used by the ad-
dition of oxygen demanding material must be
offset by the aeration rates.

In shallow stream, the oxygen demand of am-
monia is often the most rapid and largest
component of the oxygen demand from a
wastewater treatment plant. The ammonia dis-
charged from the Cottage Grove STPresults in
a measurable increasa in ammonia. Below the
STP, the ammonia co_ncantration is raduced by
physical and Dbiclogical reactions.
concentration occurs by dilution with the Row
River. Ammonia is the preferred nitrogen
source for periphyton, and ammonia is con-
" verted to organic nitrocgen through algal uptake.
Nitrification converts the ammonia to nitrate
and consumes oxygen. The conversion of one
mg/L of ammonia is equal to the decay of 5.6
mg/L of carbonaceous BOD. During the sum-
mer months, most of the ammonia from the
CGSTP is removed by river mile 14 (Figure A-27}.

Obsurvad Saavonai Ammpnia Cangenirstion
Cosst Forh Hillansttin ®iver
IS P T T

T
1713 g - SEFTEME

Amman.s mgfi-N

" 2w [T] [T 14 13 Is
RIVER WILE

Figure A-27. Ammonia Nitrogen

The apparent decay rate of ammonia was es-
timated from the ambient data between the
sites below the Row River (RM 20} and Sagi-
naw (RM 14) as:

The apparent decay rate does not account for
periphyton uptake. The estimated rates varied
between 2.5 and 3.5 per day. Aeration rates

Reduced

near 2.0 to 2.5 per day were estimated from
velocity and cross sectional measures made at
limited locations.

Low effluent ammonia concentrations of 0.72 to
1.13 mg/L were observed during the August 8-
10 surveys. The low oxygen demand and rela-

tively high dilution rates in the Coast Fork explain

why reduced dissolved oxygen levels. were not
observed in the surveys related to BOD. Much

higher affluent ammonia concentrations during the -

summer have been reported by DEQ (14.4 mg/L)
and by the City of Cottage Grove {21 mg/L). The

_ much larger ammonia loads may have influenced

dissclved oxygen to a greater extent than mea-
sured during the ambient surveys.

Potential WLA for ammonia assumed that car-
bonaceous BOD impact was negligible, and that
ammaonia BOD was stoichiometrically equivalent

‘to 4.67 x ammonia concentration (Lg). The

actual NBOD is often less than the stoichic-
metric equivalent, near 4.3, dus to incomplete
conversion of the ammonia. " The WLA for am-
menia was estimated by calculating the dis-
solved oxygen deficit:

.Kl _ I _ . -
ol DL ¢ D™

D = (-

Where t is the time to the criticai deficit:

te 1o (K‘tl
KK, 'k,

DOo(K,-Kn)]a)
Kby
The DO, was ths initial DO after complete mix-

ing, and the deficit (D) was 0.10 mg/L below a
background of 80O percent saturation.

The potential ammonia WLAs (Table A-12)
were @stimated assuming an ammonia BOD de-
cay (K,} rate of 3.5/day, ahd an aeration rate of
2.0/day per day and a background concentra-
tion of 0.10 mg/L ammonia. The aeration co-
efficient (K,) was described previously. The
7010 flows wera used for the Coast Fork and
the Combined Coast Fork and Row Rivar. .High-
er flows, lower decay. rates, or higher aeration
rates result in higher WLAs. The LA for back-
ground and NPS is based on the upper range of
ammonia concentrations [0.10) observed up-
stream of the STP. This analysis would indi-
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Table A-12. Ammonia WLA Options

ESTIMATED WLAs CGSTP

42 7.1 8.3 22 . AC1
42 5.0 68 22 8.0 mg/l
125 5.0 44 67 A0.1
125 : 5.0 230 67 8.0 mg/l_

cate that the cbserved loads during the August
* survey of 5.4 to 8.5 pounds per day of am-
monia would not have been expected to result
in a significant dissolved oxygen depression,

A WLA based on achisving no measurable
change in dissolved oxygen, WLA of 9 |bs/day
ammonia is estimated for the current discharge
" location. If the discharge location is shifted to
the confluence with the Row River, a WLA of
44 |bs/day ammonia is defined. At 44 lbs/day
and a design of 2 mgd, is equivalent to an ef-
fluent quality of 2.6 mg/L.

As plans are developed to achieve the TMDL
requirements for nutrient control, some lavel of
"ammonia removal may be necessary to achieve
. the dissolved oxygen standard. The level of am-
monia removal will be dependent upon where the
discharge occur, either to the Coast Fork or the
combined Row and Coast Fork. The WLA sold al-
so0 will be dependent upon what dissolved oxygen
criteria wili be used to establish the TMDL.

The proposed criteria for cold water use during
after emergence of juveniles from the gravel of
8.0 mg/L DO is similar to the 90 psercent of sa-
turation criteria. The proposed criteria is
identified as a monthly mean. The proposed
criteria identifies a 7-day mean minimum of 6.5
mg/L, which provides the reference for mini-
mum diurnai variation. Because of the high di-
lution available, there is significantly greater
WLA potential under the proposed criteria as
compared to a no measurable reduction using
the currently existing criteria. However, there
is no certainty in that the proposed criteria will
be adopted. The WLAs for the Cottage Grove
STP shouid be established using the current
water quality standards.

The background concentrations of BOD and am-
monia do not influence the observed oxygen
deficit and no activities to further limit back-

ground BOD and Ammonia are proposed.

AMMONIA TOXICITY

The USEPA establishcd the un-ionized ammonia
criteria for the protection of cold water fish in
1984. The toxicity of un-ionized ammonia and
the fraction of total ammaonia that is in the un-
ionized form both change with temperature and
pH. Both pH and temperature vary with time,
and distance. The calculated total ammonia
concentration resulting in chronic concentration
criteria {CCC} of un-ionized ammonia for cold |
water fish was determined from the ambient

- field samples. It is not correct to determine the

ammonia toxicity concentration from averaged
temperature and pH values {Figure A-28).

Sesvanal Amumgrn Tun.e:ly CCEC or.ter.a
Conut Forh H.llsmaiin Aiver
T 1

PR TP WP P BT BPEE I B

[ L
RIVER MILE

Figure A-28, Ammonia Criteria

The lower thresholds in the lower river are a
result of the higher observed pH values. -The
ammonia limits, established for the CGSTP,
need to account for both the removal mechanism
of ammonia and the lower CCC due to higher pH
levels downstream. Ammonia will be removed by
nitrification and aigal uptake as it moves
downstream. ' The ability to achieve the am-
monia CCC values downstream was estimated

SA\WH5747.588
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Ammonio Toxicity and Simulated
Conceniration ot @ WLA of 250 tbs/a
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Figure A-29. Ammonia Toxicity

by comparing alternative mass loads to the
measured chronic concentration criteria in the
‘Coast Fork. Using the calculated decay rate of
2.5/day for ammonia, a discharge at the con-
fluence of nearly 250 Ibs/day would achieve the
lower ammonia toxicity criteria downstream due
to losses occurring from nitrification and algal
uptake. Near field mixing zone limits may be
more restrictive than the limits needed to
achieve the lower toxicity standards down-
stream (Figure A-29).

‘The lowest ambient ammonia toxicity levels
occur during the summer low flow season of
June through September. Data collected in the
afternoons had lower ammonia toxicity levels
than did the early morning samples. The chron-
ic criteria is expressed as a 4-day average with
3-year recurrence interval. When determining
permit conditions, a 4-day average of the CCC

should be u-sed..

The ambient amrmonia level for defining the
potential WLAs was estimated from the dis-
tribution observed for both morning and after-
noon field samples. Daily average ammonia
CCC was estimated by averaging the morning
and afternoon ammonia CCC values. From the
resulting distribution, a chronic ammonia con-
centration in ambient receiving watser of 1.35
mg/L total ammonia as nitrogen (NH;-N} was
astimated for the current discharge location and
1.25 mg/L NH3-N for discharge to the combined
Coast Fork and Row Rivers. These concentra-
tions are well above the current concentrations
observed by the Department of 0.18 and 0.07
mg/L for these locations, respectively. The City
of Cottage Grove provides indication that higher
ammonia concentrations may occur below the
STP with maximum reported ammonia concen-
trations of 1.25 mg/L, and average of 0.55
mg/L for the period 5/23~10/24 1989,

The Department’s mixing zone rules require that
chronic criteria concentrations be achieved at
the edge of the assigned mixing zcne. The City
of Cottage Grove proposes a discharge to the
confluence of the Row and Coast Fork Rivers.
This -option has the advantage of greater dis-
charge for dilution. The Oregon Department of
Fish and Wildlife provides the opinion that the
confluence is a popular cutthroat trout fishing
hole during summaer low flow conditions. An
appropriately sized, mixing zone, and associ-
ated ammonia limits would be important in as-
suring that this resource is not jeopardized by
the proposed discharge {Table A-13).

Table A-13. Ammonia Toxicity WLA

EXAMPLE AMMONIA ALLOCATION ASSUMING A MIXING ZONE
USING 25 PERCENT OF AVAILABLE FLOW -

o

Q cfs 50 125

NH CCC {mg/l} 1.35 - 1.25

LC Ibs/d 364 _ 842

LA ibs/d 27 67

" WLA Ibs/d 84 194
Reserve [{LC-{(WLA +LA)] 253 581 .
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Table A-14. WLA PO P

ONE ALTERNATIVE WLA STRATEGY FOR NUTRIENT CONTROL
LC 13.0 16.0
LA Background 9.7 12.0
LA Reserve 2.3 2.8
WLA 1.0 1.2

the no-discharge option is in greater certainty of
reducing the impact of periphyton on water
quality. Limiting discharge remaves macro and
micronutrient, and reduces the potential of
synergistic influences from multiple nutrients
being availabie to periphyton below the Cottage
Grove STP. -

Do Nothing

Available data for evaluating the influence of
source discharge on paeriphyton and resulting
water quality in the Coast Fork are limited.
Analytical mathods and models fer simulating
periphyton and its impact on water quality are
not well developed.. Empirical measures of pro-
duction and effects in the Coast Fork are
limited. Available information suggest that tem-
peratures in the lower river, near 2bc, would
limit the summer low flow use of the Coast
Fork for the sensitive salmonids regardless of
DO and pH violations. Most of the potential in-
fluence of nutrient control on pH and dissolved
oxygen wifl occur in the lower river. The
influence of nutrient control on protecting
sensitive uses may be limited.

However, the available data clearly demonstrate

water quality impairment due to exceedance of -

dissolved oxygen and pH standards violations.

AMMONIA CONTROL FOR DIS-
SOLVED OXYGEN

WLA to The Upper Coast Fork of 9
Lbs/Day (TMDL 31 Lbs/Day)

Estimated to be consistent with the current
standard for discharge to the Coast Fork above
the confluence with the Row River — no
measurable reduction in DO would be antici-

pated to occur due to loads of oxygen demand-
ing material below the STP. The confluence of
the Row River within 1 mile would result in fur-
ther dilution and reduce the impact of the dis-
charge on DC.

‘WLA to The Confluence 6f The
Coast Fork and Row River of 44
Lbs/Day (TMDL 111 Lbs/Day)

The estimated no-measurable decrease in am-
bient dissolved oxygen for discharge to the
"confluence with the Row River — the con-
fluence of the Row River and Coast Forks has
been identified by ODFW as a popuiar location
for angling for trout.

DO NOTHING FOR DISSOLVED
OXYGEN '

Standards violations due to discharge of oxygen
demanding waste from the STP have not been
observed. The current dissoived oxygen pat-
terns in the Coast Fork are dominated by peri-
phyton photosynthesis and respiration. Signifi-
cantly greater WLAs would be available if the
proposed dissolved oxygen criteria were used
rather than the current criteria.

RECOMMENDATIONS

Based on the existing information, the TMDL
{Table A-14} strategy has been developed for
nutrient control. This WLA focuses on limiting
discharge of the macronutirent in lowest pro-
portion to algal growth reguirements upstream
of the STP. The Loading Capacity as defined is

" anticipated to provide the greatest loading

capacity having a reasonable probability of ac-
hieving water quality standards. The Reserve
LAs_ are intended to cover nonpoint source

SA\WH5747.5CC
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- Table A-15. Ammonia WLA

ONE ALTERNATIVE WLA STRATEGY FOR NUTRIENT CONT

ROL
:::;“"'??_.

loads and the great uncertainty in estimates of
the impact of nutrient loads on periphyton pro-
duction. The WLA is assigned to the Cottage
Grove STP. At design flows of 2 mgd a WLA
of 1 Ib/day is equivalent to 0.06 mg/L {60 ug/l}
of ortho-phosphorus. The increase in ortho-
phosphorus would not be measurable.

Ammonia WLAs (Table A-15) are determined to
be certain that, without the dominating in-
fluence of periphyton growth, the discharge
from the Cottage Grove STP would not mea-

surably reduce dissolved oxygen due to mixing .

with low oxygen wastewater or decay of oxy-
gen demanding material. Ammonia provides
the iargest and fastest acting component of
oxygen demand discharged by Cottage Grov
to the Coast Fork. o
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